A battery of sex steroids were used to check their effect on mouse melanoma (B16F10) cell growth in-vitro. Progesterone and its synthetic receptor antagonist RU-486 showed maximum inhibition on in-vitro melanoma cell growth [1]. Further research work showed that the inhibition by progesterone was not a toxic, spurious or non-specific effect on mouse melanoma cell growth and the inhibition by progesterone was not mediated through progesterone receptor.
Introduction
Skin is not only a target organ for sex hormones, but also synthesizes significant amount of sex hormones locally [2] . Several functions of human skin appear strongly dependent on these sex hormones viz. androgens, estrogen and progestins [3] . Androgens such as dehydroepiandrosterone (DHEA), DHEA sulfate (DHEAS) and androstenedione (AD) are weak prohormones that act after conversion to the more potent testosterone (T) and 5-α-dihydrotestosterone (DHT). Androgens affect sebaceous gland growth and differentiation, hair growth, epidermal barrier homeostasis and wound healing, acne, seborrhea, hirsutism and androgenetic alopecia. On the other hand, estrogens have been implicated in skin aging, pigmentation, hair growth, sebum production and skin cancer. In contrast progestins play no role in the pathogenesis of skin disorders. Progestins, however, play a major role in the treatment of hirsutism and acne vulgaris. Progesterone also complements estrogen effect on fluid retention. Imbalances in hormones affect skin texture and cause skin diseases. One fatal form of skin disease is melanoma, cancer of the melanocytes in the skin [4] . Though melanoma is a rare form of skin cancer, yet it is a dangerous form of skin cancer [4] . Since sex steroids are essential for healthy skin and melanoma is a serious skin disease, the relevant question at this junction is about the effect of sex steroids on melanoma growth. The possible dependence of human melanoma on endocrine influences has been speculated upon for many years [5] - [7] . But there is a lack of systematic study on the direct effect of sex steroids on melanoma growth. This information is vital because sex steroids such as estrogen, progesterone and testosterone are known to support breast, ovary and prostate cancers, even though these steroid hormones are essential for normal growth, development and function of these organs [8] - [10] . Whether the same is true for melanoma was not clear from literature survey of various experimental results for hormonal growth regulation of melanoma [11] - [15] . Hence, the aim of the study was to find out the direct effect of sex steroids on melanoma growth using mouse melanoma (B16F10) cell line as a model system.
Materials and Methods

Chemicals
Cholesterol, dehydroepiandrosterone (DHEA), androstenedione (AD) estrogen (E), progesterone (P), RU-486, dexamethasone (water soluble) were all purchased from Sigma Chemical Company, St. Louis, MO. MTT (3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide), isopropanol, ethanol were also obtained from Sigma Chemical Company. Fetal bovine serum (FBS), Trypsin-EDTA (1×), and PBS powder were purchased from Atlanta biologicals, Lawrenceville, GA. RPMI and antibiotic/antimycotic solution (100×) (10,000 I.U/ml penicillin, 10 mg/ml streptomycin, 25 μg/ml amphotericin B) were purchased from Fisher scientific, Houston, TX. SLT Spectra plate reader was used for quantitation of MTT assay.
Cell Lines
Mouse metastatic melanoma cell line B16F10 and human gastric cancer cell line NUGC3 were obtained from a colleague (Dr. James L. Cox) in the department. Sub-cultured normal rat vascular smooth muscle cells (VSMC) and the medium (DMEM/F12) to culture them were obtained from another colleague (Dr. Yingzi Chang) in the pharmacology department of KCOM.
Growth Medium (GM)
Medium used for cell culture. GM consisted of RPMI + 10% FBS + 1X Pen/Strep/Ampho.
Preparation of Steroid Hormones and MTT Solutions
Initially 10 mM stock solution of steroid hormones in ethanol were prepared. One mM working stock was made by diluting one part of alcohol stock with nine parts of GM. Different concentrations of hormones were made from 1 mM working stock by serial dilution. MTT stock solution was made by dissolving 5 mg in one ml of PBS.
Cell Growth Assay
MTT proliferation assay [16] was used to quantitate cell growth in treated (with various sex steroids) and in untreated (control) samples. In addition, microscopic pictures of cells treated with different hormones were taken to document hormonal effects at different concentrations on cell growth.
MTT Proliferation Assay
B16F10 cells were suspended in growth medium (GM) and plated at a density of 1 × 10 4 cells/well in a 96 well plate. Cells were left overnight at 37˚C to attach to the plate. Following day growth medium was replaced by GM containing hormones at different concentrations and incubated for 48 hrs. After 48 hrs, medium was replaced with 100 μl of 1 in 10 diluted (in GM) MTT solution and incubated for another 4 hrs at 37˚C. After 4 hrs, MTT solution was removed. MTT was reduced by metabolically viable cells to a colored (purple) water insoluble formazon salt. The purple color precipitate was solublized by adding 100 μl of isopropanol and shaken for 20 -30 mins at room temperature. Intensity of resultant purple color was measured at 570 nm in SLT spectra plate reader. The same protocol was followed for MTT assay with human gastric cancer (NUGC3) cell line.
MTT Assay with Sub-Cultured Normal Rat Vascular Smooth Muscle Cells
Procedure for isolation of rat aortic vascular smooth muscle cells was described in reference [17] . A petri dish containing cells at 6/7 passage was obtained from a colleague. Cells were harvested from the plate using trypsin-EDTA and were re-plated in a 96 well plate in DMEM/F12 medium. Cells were left for 2 -3 days to become 70% to 80% confluent. Regular medium was replaced by medium containing different concentrations of progesterone and RU-486 and incubated for 48 hrs. At the end of 48 hrs, MTT assay was carried out to quantitate cell growth.
Experiments
Initially, MTT growth assays were carried out with dehydroepiandrosterone (DHEA), androstenedione (AD), testosterone (T) and progesterone (P) treated mouse melanoma (B16F10) cells to check their effect on cell growth at high concentrations (100, 150, 200 μM). This was followed by dose-curve studies with progesterone, estrogen, RU-486 to determine whether the inhibition of cell growth was due to toxic effect of the steroids. Dose curve studies were also carried out with cholesterol and dexamethasone to determine whether the inhibition of cell growth was due to spurious effect of the steroids. For comparison sake as well as negative control to determine whether the effect on cell growth was due to non-specific effect of the steroids, dose curve studies of progesterone and RU-486 were carried out with human gastric cancer cell line (NUGC3) and also with sub-cultured normal rat vascular smooth muscle cells (VSMC). Finally a bioassay involving co-incubation of progesterone and its receptor antagonist RU-486 was carried out to determine whether progesterone action was mediated through its receptor.
Statistical Analysis
All the experimental points were carried out in triplicate (3 wells). Average of all the three values was taken as mean and standard error was calculated. Each experimental point was expressed as Mean ± SEM. Two-way ANOVA analysis was carried out to find the dose and the sex hormone which showed significant inhibition on cell growth. One-way ANOVA analysis was used to compare the significance of cell growth inhibition between individual sex hormone and a combination of sex hormones. Each experiment was repeated a minimum of two times to check for consistency in results.
Results
MTT Growth Assay to Check the Effect of Dehydroepiandrosterone (DHEA), Androstenedione (AD), Testosterone (T) and Progesterone (P) on Mouse Melanoma Cell Growth
Initially four steroids (two weak androgens DHEA, AD and one strong androgen T and one female sex steroid P) were used to check their effect on mouse melanoma cell growth at 100, 150 and 200 μM concentrations along with untreated control and alcohol control (as steroid hormones were dissolved in alcohol). Growth in untreated control well as measured by MTT assay was considered as 100%. The growth in other wells was compared with untreated control well and expressed as % of growth. Alcohol (2%) treated cells did not show any difference from the untreated control cell growth. Though, all the four steroids showed dose-dependent inhibition of mouse melanoma cell growth, progesterone in particular showed a significant inhibition (87% at 200 μM concentration) on melanoma cell growth (Figure 1 ). Two-way ANOVA analysis followed by post-hoc Bonferroni multiple comparison test showed that progesterone at 100 and 150 μM concentrations inhibited melanoma cell growth significantly (P < 0.001) than other sex steroids. Statistical analysis was given in a table form ( Table 1) . Figure 1 . Effect of various steroids on mouse melanoma cell growth. B16F10 mouse metastatic melanoma cells were plated in 96 well plate. Androgens [dehydroepiandrosterone (DHEA), androstenedione (AD), testosterone (T)] and progesterone (P) were added at 100, 150 and 200 μM concentrations to cells. After 48 hrs of incubation, medium was removed and viable cells were quantitated by MTT assay. Among the four steroids tested, progesterone showed maximum inhibition (87%) of mouse melanoma cell growth. Two-way ANOVA analysis showed that inhibition by progesterone at 100 and 150 μM concentrations were significant when compared to DHEA, AD and T at different concentrations. Statistical data is shown in Table 1 .
Dose Curve Studies with Progesterone, Estrogen and RU-486 to Check for Toxic Effect of Steroids on Melanoma Cell Growth
Dose-Curve Study with Progesterone
Since, P showed maximum inhibition of melanoma cell growth at high concentrations (100, 150 and 200 μM), further experiments were carried out to determine whether the inhibition by progesterone was due to toxicity of steroids. Dose-curve study of progesterone starting from 100 nM to 200 μM was carried out following the same protocol. Progesterone showed a dose-dependent inhibition of melanoma cell growth (sigmoidal curve), indicating it was a genuine biological effect on cell growth by progesterone (Figure 2(a) ).
Dose Curve Study with Estrogen
Dose-curve study of progesterone, prompted us to carry out dose-curve study with estrogen the other sex steroid hormone in excess in females. Dose curve study with estrogen also served as a comparable standard to check for toxic effect of steroid. Estrogen also showed a dose-dependent inhibition on cell growth like progesterone. However, inhibition brought out by estrogen at high concentration was not as significant as the inhibition brought out by progesterone at high concentration (Figure 2(b) ).
Dose-Curve Study with Progesterone Receptor Antagonist Mifepristone (RU-486)
It is the general understanding that all steroids including progesterone act through specific steroid receptors. In order to determine whether the inhibition by progesterone was mediated through progesterone receptor, dose curve study with progesterone receptor antagonist RU-486 was carried out. Before using RU-486 in the study, it was important to find out whether RU-486 itself had any effect on melanoma cell growth. So, RU-486 dosecurve study was carried out with melanoma cells. RU-486 also showed a dose-dependent inhibition of melanoma cell growth similar to that of progesterone. In fact, RU-486 was more inhibitory to melanoma cell growth than progesterone itself (Figure 2(c) ). Figure 2 . Dose-curve studies with steroids (progesterone, estrogen and RU-486) to check for toxic effect. Cells were treated with steroid hormones as stated in methods and MTT assays were carried out. (a) Dose-curve study with progesterone starting from 100 nM to 200 μM showed a dose-dependent inhibition of cell growth; (b) Dose-curve study with estrogen also showed dose-dependent inhibition of melanoma cell growth; (c) Progesterone receptor antagonist RU-486 also showed a significant dose-dependent inhibition of mouse melanoma cell growth.
Dose Curve Studies with Cholesterol and Dexamethasone to Check for Spurious Effect of Steroids on Melanoma Cell Growth
Dose-dependent inhibition of mouse melanoma cell growth by three steroids (P, E, RU-486), gave rise to the apprehension that it could be a spurious effect associated with general steroid structure. The following dosecurve studies were carried out to check for spurious effect of steroid on melanoma cell growth inhibition.
Dose-Curve Study with Cholesterol
In order to rule out that the steroid growth inhibition was a spurious effect associated with the structure of steroid, dose curve study with cholesterol, the parent molecule of all steroids was carried out. Dose-curve study with cholesterol showed initially a slight inhibition, but, that plateaued from 1 μM up to 200 μM. There was no significant inhibition of growth brought about by cholesterol (Figure 3(a) ). So the inhibition by progesterone was not due to any spurious effect of the steroid on mouse melanoma cell growth.
Dose-Curve Study with Dexamethasone
RU-486 is also an antagonist to glucocorticoid receptor. It has already been shown that glucocorticoid receptors are present in B16 melanoma cells [18] . So, it was decided to check the effect of dexamethasone (water soluble) an agonist of glucocorticoid receptor on melanoma cell growth. From low concentration (100 nM) to high concentration (200 μM) there was a plateau indicating that glucocorticoid receptor was not involved in the regulation of B16F10 in-vitro cell growth (Figure 3(b) ). Similar observation was also reported by Crowley et al. [19] . 
Dose Curve Studies of Progesterone and RU-486 on Human Gastric Cancer (NUGC3) Cell Line and Sub-Cultured Normal Rat Vascular Smooth Muscle Cells (VSMC) to Check for Non-Specific Effect of Steroids on Melanoma Cell Growth
One way to determine non-specific effect of progesterone was to test on a different cell line or cells from different species, because whatever effect was observed with mouse model need not be reproduced in another cell line or cells from another specie [20] . So, human gastric cancer cell line and sub-cultured normal rat vascular smooth muscle cells were used to check for non-specific effects of progesterone and RU-486 on cell growth inhibition.
Effect of Progesterone and RU-486 on Human Gastric Cancer (NUGC3) Cell Growth
In order to answer the question, whether the inhibition by Progesterone and RU-486 was a non-specific effect common in other cancer cell lines, dose-curve studies of progesterone and RU-486 on human gastric cancer cell line (NUGC3) were carried out. Though there was a slight inhibition on gastric cancer cell growth (Figure 4(a) ), it was not as significant as that of progesterone and RU-486 effects on melanoma cell growth, indicating inhibition of melanoma cell growth by progesterone was not due to non-specific effect of the steroid.
Effect of Progesterone and RU-486 on Sub-Cultured Normal Rat Vascular Smooth Muscle Cell (VSMC) Growth
For checking non-specific effect of steroids, it was felt appropriate to use non-mouse and an uncommon cell type. So, sub-cultured normal rat vascular smooth muscle cells were used to carry out dose curve studies with progesterone and RU-486. Since smooth muscle cells were derived from normal rat, sub-cultured vascular smooth muscle cells also served as control cells to answer the question about the effect of progesterone and RU-486 on normal cells. After 48 hours of incubation with steroids, cell growth was assessed by MTT assay. Proge-(a) (b) Figure 4 . Dose-curve studies with progesterone and RU-486 on human gastric cancer cell line and sub-cultured normal rat vascular smooth muscle cells to check for non-specific effect of steroids on melanoma cell growth. (a) Gastric cancer cell line (NUGC3) from human was used to check whether the effect was due to non-specific inhibition of cancer cell line. There was a slight inhibition on cell growth; (b) To find out non-specific effect of steroids on normal cell, sub-cultured normal rat vascular smooth muscle cells were used. There was a slight inhibition of cell growth.
sterone and RU-486 showed a slight inhibition on VSMC growth (Figure 4(b) ), but not like the effect on mouse melanoma cell growth.
Comparison of Dose-Response Curves of Various Steroids and the Plausible Mechanism of Action of Progesterone on B16F10 Cells
When dose response curves of various steroids and cholesterol were plotted on the same graph ( Figure 5(a) ), only progesterone and its receptor antagonist RU-486 showed significant inhibition on mouse melanoma cell growth ( Figure 5(b) ). This observation warranted our attention to the mechanism of action of these two steroids and prompted us to check for the involvement of progesterone receptor in the inhibition of melanoma cell growth.
Progesterone and RU-486 Co-Incubation-A Bioassay to Check for the Involvement of Progesterone Receptor in Mediating Progesterone Action on B16F10 Cells
Mifepristone or RU-486 is an antagonist to progesterone receptor. Since progesterone and RU-486 separately showed dose-dependent inhibition on melanoma cell growth, co-incubation of progesterone and RU-486 was crucial to determine the involvement of progesterone receptor. Cells were co-incubated with 50 μM of progesterone and different concentrations of RU-486 (50 μM, 100 μM and 150 μM) and appropriate individual controls to compare the effect on cell growth. Co-incubation experiments showed that 50 μM of progesterone + 50 μM of RU-486 showed an inhibition level similar to the inhibition by RU-486 alone at high 150 μM concentration, indicating it was an additive effect of steroids on the inhibition of melanoma cell growth (Figure 6) . Moreover, the same co-incubation experiment also suggested that the effect on cell growth was probably not mediated through progesterone receptor. Statistical analysis of the significance (P < 0.001) of inhibition on cell growth by a combination of steroid hormones was shown in Table 2 . 
Discussion
It has been shown that sex steroids (androgens, estrogens and progesterone) are essential for healthy skin [3] , hence skin is a target organ for sex steroids. It has also been shown that sex steroids such as estrogen, progesterone and testosterone support cancer growth in conditions such as breast, ovary and prostate cancers [8] - [10] , Table 2 . Bioassay: Progesterone and RU-486 co-incubation on melanoma cell growth. One-way ANOVA analysis, followed by post-hoc HSD test indicated that the difference in cell growth between progesterone (P-50 μM) and the combined (P-50 μM + RU-50 μM) hormones was significant (P < 0.001). Similarly the difference in cell growth between RU-486 (RU-50 μM) and combined hormones was also significant (P < 0.001). even though these steroid hormones are needed for normal growth, development and function of these organs. It is not clear whether the same is true for sex steroid hormones on melanoma, cancer of the melanocytes. But epidemiological and animal studies showed a dependence of melanoma growth on hormones [5] - [7] . Hence, invitro growth assays were carried out with various sex steroids using mouse melanoma cell line as a model system. Progesterone was found to inhibit melanoma cell growth significantly. The two main outcomes of the study were:
Progesterone Inhibition of Melanoma Cell Growth Was Not a Toxic, Spurious or Non-Specific Effect
Among the four steroids tested for their effect on mouse melanoma cell growth, progesterone showed maximum inhibition on cell growth. Inhibition of cancer cell growth by progesterone warranted further research work to find out if the inhibition was due to toxic, spurious or non-specific effect of steroids. Progesterone dose curve study showed it was not a toxic effect, but a genuine biological effect because of sigmoidal response curve. Dose curve studies with estrogen and RU-486, which also showed dose-dependent inhibition, raised the apprehension that it could be a spurious effect associated with sex steroids. However, dose-curve study with cholesterol, the parent molecule of all steroids showed it was not a spurious effect. Dose curve studies of progesterone and RU-486 on human gastric cancer cell line showed the effect on cell growth was not a non-specific effect of progesterone on cancer cells. Similarly dose-curve studies with sub-cultured normal rat vascular smooth muscle cells indicated that the inhibition of melanoma cell growth by progesterone was not a non-specific effect. It is appropriate to point out at this context that menstruating females are better protected in melanoma than postmenopausal women and men of any age groups [21] [22].
Progesterone Effect Was Not Mediated through Progesterone Receptor
Since progesterone and its receptor antagonist RU-486 independently showed inhibition on mouse melanoma cell growth, there was a suspicion that the action could be mediated through progesterone receptor. But literature survey showed the action could not be mediated through progesterone receptor. Researchers were not able to identify progesterone receptor through immunohistochemical staining [23] , even though previous researchers showed binding of progesterone in melanoma through biochemical assay [24] . Moreover, one study [25] showed that there was no evidence of progesterone receptor in B16 cell lines. Hence, biological or bioassay was the only option left to check whether the action was mediated through progesterone receptor. Bioassay involving co-incubation of progesterone and its receptor antagonist RU-486 showed an additive effect on the inhibition of cell growth. If the inhibition were to take place through progesterone receptor, progesterone and RU-486 would compete for the limited progesterone receptors and in the process nullifying the effect of one another leaving the cells to grow. Thus there would be an increase in cell growth and not a decrease in cell growth. But, additive effect of steroids on the inhibition of cell growth indicated that each steroid acted through different mechanism and the action was not mediated through progesterone receptor. In this context, it is important to point out that a similar in-vitro observation was made with progesterone and RU-486 on human neuroblastoma [26] . Back references from the paper showed similar observations were made on other cell lines with progesterone and RU-486 [27] . One interesting point to note is that the nervous system and skin (integumentary system) are derived from the same germ layer and cancer cells derived from both systems (neuroblastoma and melanoma) showed inhibition by progesterone and RU-486, which was not mediated through progesterone receptor.
Conclusion
In conclusion, progesterone inhibited mouse melanoma cell growth, which was not a toxic, spurious or non-specific action of progesterone and this action of progesterone was not mediated through progesterone receptor. Future research work will be focused on progesterone and RU-486 separately to determine the mechanism of inhibition of cell growth.
